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TfflXt  Froblcas  and  Progress  In  th«  Study  of  Orni  Toxicity  oi 

B«ct«rtnl  Toxin* 

AtfTHOt;  IAMUM4 

Aroy  ftii««rch  Offlcn,  Offlc«»  Chlof  of  toxonreh  &  Dovoiopaiat 
ABSfltiCT;  food  polionlng  1*  c*u*od  by  tho  coniusptlon  of  harmful  cMm* 
icni  pr^ucts  produced  by  the  growth  of  becterl*.  A  dlitinctlon  will  be 
■Ade  oeeveen  or«l  polton*  depending  on  whether  or  not  their  harmful  .  r* 
cloa  le  dlrecr*.”  on  the  etlaentary  tract.  The  term  entcrtoxln  chould  ba 
limited  to  the  direct  acting  toxin*.  Chemically  t^  orally  poiaonou* 
bacterial  toxin*  have  been  identified  a*  proteins.  Thi*  raiae*  sarlou* 
question*  a*  to  how  such  toxin*  can  eccape  the  d^eeatlve  procasse*  of 
the  alimentary  tract  and  still  remain  poisonous,  and  how  such  large-sis* 
molecules  can  cross  the  Incestinal  barrier  and  penetrate  the  blood 
scream.  Absorption  from  the  Intescina  into  the  blood  stream  takes  place 
by  way  of  tha  lymphatic  eystea  drdlfitng  the  Intastina.  Bvidanca  vill  be 
prasmitad  for  tha  concept  that  even  the  normal  Intestiaa  presents  no 
solute  barrier  to  systemic  abeorptlon  of  protein  by  wsy  of  the  lymphat¬ 
ics.  Tha  high  potency  of  bacterial  toxins  accounts  for  ttelr  oral  tox¬ 
icity.  Only  fsntsscicslly  small  amounts  of  toxins  need  esca|«a  digestion 
and  be  absorbed  ir  order  for  them  to  still  remeln  poisonous  upon  con- 
aumpclon  end  exposure  to  digestive  Juices.  A  hypothesis  will  be  pr  • 
sented  that  relstss  food  poisoning  by  bsctarlsl  toxins  to  sccidsntal 
circumstances  of  contact  with  these  poisons  rather  chan  any  unusual 
chemical  properties  that  permit  them  to  escape  the  vlclssitudee  normal 
to  protains  in  tha  gut.  Bacterial  toxins  need  not  have  any  tpecial 
charsccsriseics  othsr  chan  high  potency  in  order  to  be  capable  of  act¬ 
ing  aa  oral  poisons. 

Data  will  be  preeented  which  demonstrate  It  to  be  selentlfl- 
callv  fallacious  to  record  potan^  In  terms  of  weight  of  toxin  par  unit 
weight  of  Che  poisoned  animal.  Ins  classical  modes  of  expression  of 
potency  in  terms  of  dose  per  kilogram  can  be  misleading. 
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TITLE;.  lAMr  Progr*#*  «n<(^Pplicac9 

AVTBOR:  KBtEILL  M  \ 

U«  S.  Aroqr  SignAMtostArcb  &  j 


^ftlupMnt  Laboratory 


ABSTKACT;  The  iatenalva^Kear  davelopaent^hich  la  nov  taking  place 
la  baaed  on  a  coiialdera^mt  of  Schvalov  andVpwnea^  who  determined  that 
optical  atlawlation  cofll  occur  when  the  dlf^^ence  In  energy  atatea 
exceeded  a  certain  a^num  value:  n  >  h  Q.  Aa  a  unique 

optical  aource,  tbe^Ker  haa  captured  the  incAeat  of  reaearcbera  and 
Imagination  of  equlMaat  developera.  The  outpuBdevtlopa  through 
ealaelon  aa  the  p^^latlon  cf  4  hfghcr  energy  atlk  ia  atlaulated  to 
return  to  the  level.  The  condition  of  oaclBatlon  la  conLAulled 

by  reflectlvlty^K  cavity  enda,  the  teaperature  anckhe  effective 
voluae.  The  i^Kficatlon  of  the  '*Q"  by  changea  in  Iblectlvlty  during 
laaer  atU.*<lMOT  peralta  operation  in  a  alngle  pulaelh|nrlng  a  peak 
p>n#er  oore  3  aegewatta  with  half  power  time  leaa^han  50  *'ano- 

aeconda.  "pink'*  ruby  doped  with  «e  .05t  chroalua  hib  proved  aoat 

uaaful  op^lted  aa  the  three  level  laaer.  laproved  eff^hency  and 
quality  Hy  be  achieved  by  uae  of  other  aateriala*  The  aource  la 

unique  ^tlcally  characterlxed  by  ita  eohertnct,  aonochrod||lclty  and 
high  •mt%y  dealty.  It  aay  be  uaeful  In  range  finding,  apeij||el  lllu* 
alne^n  and  cocaainlcation  ^<.d  guidance  control;  aa  a  aource  for 
ape^ll  aclenclfic  Inveatlgatlona;  it  haa  already  found  uaea  In  alcro* 
veM.ttg  and  for  reatorlng  detached  retinae  In  the  eye. 

L.  Schwalow  and  C.  R,  Townee,  Pbya*  lev. 112,  1940(1:?58). 
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;?ROKLEHS  AHD  PROGRESS  IN  THE 
STUDY  OF  ORAL  TOXICITY 
OF  BACTERIA'  TOXIHS 


CARL  LAMANNA 

LIFE  SCIENCES  DIVISION,  ARMY  RESEART'  OFFICE 
WASHINGTON  25.  D.C. 


In  common  parlance,  chr.  term  food  poison'ing  Is  associated 
with  the  consumption  of  food  In  which  harmful  baccai.xa  have  grown  and 
produced  products  which,  when  Ingested,  are  upsetting  to  the  un¬ 
suspecting  victim.  Caveat  consumere  -  let  the  consumer  beware.  -A 
large  number  of  different  and  phylogenetlcally  unrelated  bacteria 
have  been  Implicated  In  food  poisoning,  some  frequently,  and  others 
so  Infrequently  that  their  capacity  to  cause  food  poisoning  remains 
suspect. 


The  signs  of  food  poisoning  should  be  traceable  to  the  effects 
of  particular  compounds.  In  other  words,  one  aspect  of  basic  scien¬ 
tific  Investigations  of  food  poisoning  should  be  the  isolation  and 
characterization  of  specific  compounds  Which,  by  their  biological 
effects,  can  account  for  the  signs  and  pathology  of  food  poisoning. 

It  la  surprising  that  the  number  of  such  compounds  frcsa  bacteria 
which  have  been  so  specifically  Identified  Is  small.  Most  Interest¬ 
ing  Is  that  the  few  such  materials  which  are  characterlzable  as  to 
their  general  nature  are  proteins.  As  such,  they  are  properly 
classifiable  as  exotoxins,  since  they  appear  to  be  secreted, rr'er  -> 
or  otherwise  released  into  the  medium  In  which  the  b;.  ..erla  gro- ,  -r- 
antigenic,  and  can  be  neutralized  by  specific  antibody.  These  are 
properties  traditionally  associated  by  the  bacteriologist  with  the 
substances  he  calls  cxotoxlns. 

Scientific  nomenclature  contributes  to  clear  thinking  by 
insistence  upon  the  use  of  precise  jeflnitlons  to  identify  objects 
and  phenomena.  It  Is  in  this  spirit  that  I  propose  the  limitation  of 
the  term  enterotoxln  to  a  certain  kind  of  oral  poison.  When  an 
exotoxln  Is  swallowed.  Its  harmful  effect  can  be  due  to  direct  '.ctlon 
on  the  tissue  of  the  alimentary  tract,  in  which  case  the  tt-wla  Is 
properly  spoken  of  as  an  enterotoxln:  one  which  by  direct  contact 
specifically  affects  the  behavior  of  Intestinal  ''ells.  The  other 
possLoility  is  that  the  toxin  does  not  act  directly  on  the  gut,  but 
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rather  Is  absorbed  frc  .  the  alimentary  tract  and  acts  specifically 
at  sites  remote  from  the  Intestinal  lumen.  In  this  situation,  we 
can  spuok  of  the  toxin  as  being  an  oral  poison,  since  It  causes  harm 
idien  swallowed,  but  should  not  speak  of  It  as  an  enterotoxln.  Aiiy 
effects  observed  on  the  alimentary  tract  would  be  the  secondary 
consequences  of  action  at  some  'Istant  primary  site:  ar.  extra- 
alimentary  or  extra-lumen  site.  Such  a  situation  poses  an  In'-erest- 
Ing  critical  problem  missing  for  the  case  of  a  true  enterotoxln, 
namely,  how  can  a  protein  escape  the  Intestinal  barriers  to  the 
absorption  of  large-sized  molecules? 

If  a  protein  can  act  as  an  oral  poison,  we  are  Inclined  to 
make  certain  coimnon  sense  Inferences  as  to  the  properties  that  are 
responsible  for  Its  being  an  oral  polsrn.  We  may  reason  that  either 
the  molecule  as  a  '.hole,  or  some  smaller  specific  piece  or  coxophore, 
must  have  some  special  resistance  to  the  Intestinal  environment  which 
Is  harmful  to  the  maintenance  of  the  structural  Integrity  of  a 
protein,  for  example  the  actions  of  proteolytic  enzymes.  If  t!ie 
toxin  can  act  at  a  distance  from  the  intestinal  tract,  we  may  also.be 
led  to  suppose  that  the  toxin  musL  possess  special  properties  to 
account  for  Its  transport  across  the  Intestinal  permeability  barriers. 
It  Is  the  validity  of  these  two  Inferences,  when  tested  against  facts, 
that  I  will  discuss,  using  botulinal  toxin  as  the  model  of  an  orally 
poisonous  exotoxln,  and  one  which  has  Its  primary  action  r  .mote  from 
the  digestive  system.  Uhen  I  can,  I  shall  consider  the  biochemical 
problems  encountered.  The  goals  of  biochemistry  are  to  relate 
toxicity  to  the  chemical  structure  of  the  toxin  molecule  and  to 
Identify  those  factors  of  susceptibility  of  the  host  to  the  toxin 
which  have  a  biochemical  basis. 

In  botulism,  the  harm  done  to  the  animal  victim  Is  the  result 
of  a  toxemia  following  Irjestion  of  poisoned  food  and  does  not  Involve 
an  Infectious  process.  Thus  we  are  not  Involved  with  considerations 
of  the  Inflammatory  process  which  complicate  problems  of  toxin 
absorption  and  action. 

Botulinal  toxins  appear  to  be  simple  proteins.  It  is  not 
possible  to  say  how  the  property  of  toxicity  arises  In  this  p'oteii'i. 
Th,.  search  for  localized  toxophorlc  groups  within  the  structure  uf 
the  protein  molecule  has  been  negative  to  date.  A  variety  of  un¬ 
related  physical  agents  and  chemical  reactions  cause  loss  cf  toxicity. 
h  recent  hope  that  fluorescence  of  the  toxin  at  3300  K  after  activa¬ 
tion  at  2900  X  Is  associated  with  toxicity  has  not  been  substantiated, 
since  detoxification,  for  exuople  oy  urea,  c.'in  be  accomplished 
without  an  accompanying  loss  of  fluorescence  (1).  The  avail t* le 
facts  do  not  prove,  but  do  support,  a  hypothesis  that  attributes 
toxicity  to  the  maintenance  of  the  structural  Integrity  of  the 
protein  molecule  as  a  whole. 

Being  willing  to  accept  the  guess  that  the  toxic  structure 
of  botullncl  toxin  Is  t  complete  protein  molecule  raises  tne 
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question  of  how  :.iich  a  protein  can  escape  detoxification  in  cunnln;; 
the  gamut  of  digestive  Juices.  While  the  older  llt'srature  generally 
reports  botullnai  toxin  to  be  resistant  to  detoxification,  our  own 
work  employing  quantitative  techniques,  adequate  numbers  of  experi¬ 
mental  animals,  and  type  A  toxin  of  varying  degrees  of  purity,  has 
shown  detoxification  by  >..'ypsln  and  chymotrypsin  to  occur.  Results 
with  pepsin  have  been  conflicting.  The  conclusion  thec  must  be 
drawn  is  chat  the  capacity  to  act  as  an  oral  poison  cannot  be  a 
matter  of  absolu^  resistance  by  the  toxin  to  the  activity  of 
proteolytic  enzymes  In  Che  Intestinal  environment  (2).  For 
lethality  to  be  expressed,  or  a**-  other  action  of  the  Ingested 
icrln.  It  Is  only  necessary  for  the  smallest  harmful  amount  or 
threshold  effective  dose  of  toxin  to  escape  across  the  alimentary 
tract  barriers  before  detoxification  in  the  Intestine  has  had  time  to 
proceed  to  woupletion. 

In  clinical  cases  of  food  poisoning,  toxin  Is  swallowed  with 
a  variety  of  different  foods.  It  Is  conceivable  that  Ingested  foods 
can  affect  the  oral  potency  of  toxin  by  Influencing  the  rate  of 
Intestinal  detoxification,  foi.  example,  by  competition  for  or 
Inhibition  of  proteolytic  enzymes.  We  have  been  able  to  establish 
that  the  state  of  alimentation  and  the  kinds  of  foods  ingested  with 
toxin  do  Influence  oral  toxicity  as  measured  by  changes  In 
lethal  oral  dose  values  (3).  Foods  and  toxin  were  plven  to  a  mouse 
in  separate  £ejr  os  Injections.  This  procedure  was  adopted  In 
preference  to  mixing  food  and  toxin  ^  vitro  In  order  to  Insure  that 
all  results  were  the  consequence  of  ^  vivo  interactions  exclusively. 
Foods  nay  act  tc  Increase  or  decrease  oral  toxicity  of  a  fixed 
quantity  of  Ingested  toxin.  In  TABLE  1,  for  example.  It  Is  demon¬ 
strated  chat  Clive  oil  and  egg  albumin  can  Increase  oral  toxicity 
both  In  terms  of  Increasing  the  rapidity  of  deaths  and  total  uumber 
of  Individuals  su'  'numbing  to  a  given  quantity  of  toxin.  This  Is 
unexpected  if  we  have  been  think! ’.'g  In  terms  of  food  competing  for 
proteolytic  enzymes  In  which  case  we  %K>uld  not  predict  an  Increase  In 
toxicity  In  the  presence  of  olive  oil,  a  substance  which  does  not 
react  %rlth  proteolytic  enzyme.  Probably  different  foods  can  affect 
toxic  potency  by  different  smchanlsms 

Incidentally,  It  Is  a  part  of  the  mythology  of  -ctvH.sm  r' 
those  who  partake  of  alcoholic  beverages  at  the  fatal  feast  suffer 
less  serious  consequences  than  those  who  do  not  Ind;  Ige^  A  few 
experiments,  therefore,  have  been  performed  to  teat  this  belief.  As 
can  be  seen  In  TABLE  2,  Ingestion  of  mixtures  of  brandy  and  egg 
albumin,  a  reasonable,  simulation  of  human  experience,  particularly  at 
Xstas  and  New  Year'.s  parties,  and  mlxi.ures  of  brandy  w^th  olive  oil 
tended  only  to  reverse  slightly.  If  at  all,  the  enhancing  effect  on 
toxicity  ot  the  food  without  reducing  potency  below  the  level 
experienced  upon  ingestion  of  toxlu  alone.  Thus,  the  consumpcii'  of 
slcohollc  beverages  has  no  remarkable  prophylactic  value  In  botulism 
except  Insofar  as  the  true  Imbiber  cats  lean  fo'id.  Taking  into 
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account  the  weight  difference  between  man  <!nd  mouse  at  higher  doses 
of  brandy  than  those  employed  in  the  experiment?;  performed,  one  is 
subject  to  the  risk  of  drinking  lethal  quantities  of  brandy.  In 
such  an  event,  the  anticipated  cure  might  be  more  pleasant  than  the 
disease,  but  equally  fatal. 

Insufficient  data  arc  at  hand  to  permit  generalization  uiid 
prediction  of  how  particular  kinds  of  foods  will  act.  We  do  not 
know  by  what  mechanisms  the  foods  affect  t*'*  toxic  dose.  But  five 
possibilities  worthy  of  investigation  are  self  evident:  foods  might 
protect  toxin  against  destructive  intestinal  influences;  they  might 
act  to  liti tease  or  decrease  the  secretion  of  digestive  juices;  they 
might  combine  with  the  toxin  to  form  larger  particles  less  able  to 
penetrate  the  gut  wall  than  is  free  toxin;  they  might  modify  the 
physiological  bases  of  intestinal  permeability;  or  they  might  have  an 
effect  on  the  rate  of  peristalsis  with  a  consequent  decrease  or  in¬ 
crease  in  the  sojourn  of  the  toxin  in  the  pan  of  the  intestine  offer¬ 
ing  the  maximum  opportunity  for  systemic  absorption.  No  one  of  thes-i 
possibilities  has  been  adequately  explored. 

I  suspect  the  effect  of  food  is  less  by  direct  action  on  the 
toxin  than  on  mechanisms  influencing  peristalsis  and  the  permeabi¬ 
lity  of  ths  small  Intestine  to  tdiole  protein.  If  foods  did  inter¬ 
fere  with  detoxifying  proteolysis  in  the  gut,  one  might  hope  to  show 
an  enhancement  of  oral  toxicity  by  the  use  of  specific  inhibitors  of 
enzyme,  trypsin.  Soybean  and  egg  albumin  trypsin  inhibitors  have 
been  tried  and  both  fail  by  their  presence  In  the  alimentary  tract  to 
affect  the  oral  toxicity  of  the  tetanus  and  crystalline  botullnal 
toxins  (TABLE  3)  under  the  conditions  of  our  tests.  The  total  number 
of  mice  succumbing  to  varying  doses  of  orally  administered  toxin  was 
not  found  to  be  significantly  different  in  the  presence  and  absence 
of  the  trypsin  inhibitor  wnen  a  twofold  dilution  series  of  toxin  was 
employed  at  dilutions  somewhat  above  and  below  the  oral  LD^q  dose. 

The  inability  of  trypsin  inhibitor  to  increase  oral  potency  of  the 
toxin  was  disappointing,  since  one  would  guess  that  a  significant 
fraction  of  the  great  difference  in  the  aewunt  of  toxin  required  for 
an  oral  lethal  dose  relative  to  a  parenteral  dose  would  be  the  result 
of  d  structive  tryptic  proteolysis  in  the  gut  which  should  be  - ^versed 
by  a  specific  enzyme  inhibitor. 

We  will  now  turn  our  attention  to  the  problems  of  permeabil¬ 
ity.  How  does  the  toxin  go  from  the  intestine  to  the  blood  stream? 
There  is  good  evidence  that  the  route  taken  is  a  lymphatic  one  (4,S), 
and  that  the  lymphatic  route  is  the  only  aver.e  (5).  If  the  lymph 
draining  the  intestine  is  diverted  from  the  body  by  cannul iza^ton  of 
the  thoracic  duct  so  that  none  of  the  lymph  can  be  spilled  over  into 
the  blood  stream,  botullnal  toxin  fed  an  animal  d^'es  not  cause  poison¬ 
ing  (5).  This  observation  means  two  things,  one,  that  absorption 
from  the  gut  is  limited  to  the  ,.ympbatlc  route  and  second,  that  the 
toxin  poisons  exclusively  by  direct  action  on  excialntestlnal  iissue. 
These  obstrva*"*ons  ~.  *-uru  a  dividend  of  general  scientific  usefulness. 
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They  provide  us  "ith  an  experlBencal  means  for  deciding  whether  or 
not  an  oral  toxin  acts  directly  on  the  gut  and  legltliuacely  can  be 
considered  a  true  enterotoxln.  Thli.  'p-sstion  is  not  always  easily 
answered.  A  case  in  point  is  the  staphylococcal  enterotoxin  which 
tradlLionally  has  been  thought  to  act  on  the  intestinal  tract 
directly,  a  point  of  vi«w  %ihich  has  been  placed  in  doubt  by  ipvesti- 
gators  at  the  University  jf  Chicago.  Since  the  sLaphyloroccus  toxin  | 
is  a  protein,  it  seems  possible  that  a  definitive  onstye:*  should  be 
forthcoming  by  observing  animals  orally  fed  the  toxin  and  cannulated 
to  prevent  intestinal  lysiph  from  flowing  into  the  general  circulation. 

Does  the  toxin  Chat  esc:.,.4:s  from  the  aliinBncary  tract  and 
c:  :.ers  Che  blood  stream  actually  have  the  dimensions  of  a  protein? 

Such  a  question  is  related  to  the  biochemical  one  of  the  size  of  Che 
ultimate  toxic  particle. 

Since  in  the  natural  situation  botulism  results  from  food 
poisoning,  one  might  hope  Nature  to  be  parsimonious  and  to  permit 
only  the  toxicolqgically  active  fragment  of  the  protein  part.'cle  to 
escape  from  Che  intescine  into  the  general  circulation.  Such  a 
possibility  would  be  reinforced  by  any  normal  tendency  of  the 
alimentary  tract's  permeability  barriers  to  refuse  passage  to  whols 
protein.  Heckly,  Hildebrand  and  Lamanna  (4)  have  stu''  ed  this 
question.  They  have  found  the  systemlcally  absorbed  toxin  which 
appears  first  in  the  lymph  and  then  in  the  blood  to  have  the  dimen¬ 
sions  of  a  protein.  By  ultracentrlfugal  analysis,  the  sedi-antation 
value  (S2g)  of  the  toxin  appearing  in  the  lymph  drainlsig  '  rra  the 
small  intestine  of  the  rat  was  found  to  be  7.9't3.5  wi^ich  ts  within 
the  size  range  of  protein.  Defeat  has  followed  an  atltempt  to  find 
toxicity  resident  in  a  particle  smaller  in  size  than  |a  protein. 

The  data  available  indicate  Chat  the  toxin  in  lymph  has 
dimensions  within  che  range  for  proteins  and  need  not  be  broken  down 
to  smaller  non-protein  elements  in  order  to  pass  through  the 
intestinal  barriers  into  the  lymphatic  system.  While  Che  observed 
sedimentation  coefficient  of  the  absorbed  toxin  in  lysiph  was  signi¬ 
ficantly  less  than  of  crystalline  toxin,  it  ts  probable  that  a  ssiall 
percentage  of  the  crystalline  toxin  can  dissociate  to  the  smaller 
protein  particle  size,  and  it  was  this  portion  of  Cox'  prutc'.'. 
whose  passage  into  Che  lymph  was  favored. 

There  is  no  evidence  that  crystalline  toxin  in  the 
intestine  is  "digested"  into  smaller-sized  toxic  particles.  This 
statement  is  based  on  sedimentation  coefficients  determined  for 
crystalline  toxin  both  before  and  att-r  exposure  to  residence  in  che 
small  intestine  of  Che  rat  for  a  period  of  2  hours,  'lie  particle 
size  of  the  bulk  of  Che  toxin  was  not  desKinstrably  reduced  by 
exposure  of  the  crystalline  toxin  to  the  digestive  process  in 
living  intestlna.  The  sedimentation  coefficient  of  the  hatch  o' 
crystalline  toxin  employed  was  in  good  agreement  with  Che  1.'.3  value 
or  900,000  molecular  weight  reported  foi  tlus  material  (C). 
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There  Is  no  ree'^on  to  believe  that  the  toxin  cros.sCs  the 
small  Intestine  as  smaller  than  protein  particles  which  are 
reaggreitated  in  lymph  to  the  dimensions  of  .i  ^toteln.  Rather  our 
view  is  that  the  small  intestine  does  not  present  an  absolute  barrier 
to  the  passage  of  protein.  Bctulinal  toxin  is  but  one  among  many 
whole  proteins  which  can  be  absorbed  from  the  small  intestine  In 
small  quantities. 

That  the  true  particle  size  of  toxin  in  lymph  is  not 
determinable  by  sedimentation  studies  becax'.e  of  absorption  of  the 
toxin  to  albumin  is  most  unlikely.  Since  albumin  is  the  most 
abundant  and  highly  charged  of  the  lympn  proteins  one  might  infer 
tne  toxtr.  to  be  absorbed  above  pH  7  to  albumin  rather  chan  to 
globulin.  The  fact  that  the  toxin  present  in  lymph  migrates 
electrophoreclcally  at  Che  same  race  as  crystalline  toxin,  i'<ther 
than  at  a  rate  coi.vesponding  to  some  value  intermediate  to  toxin  and 
albumin  or  to  Che  value  for  albumin  argues  against  the  existence  of 
a  small  molecular  weight  Coxophore  adsorbed  to  albumin.  In  addition, 
toxic  lymph  when  dialyzed  against  serum  albumin  does  not  release 
toxic  material  able  to  pass  across  the  walls  of  dialysis  cubing.  By 
placing  mixtures  of  crystalline  toxin  and  proteolytic  enzyme-  in 
dialysis  Cubing  one  does  not  find  toxic  material  escaping  from  Che 
bag.  This  result  night  be  expected  to  follow  if  proteolytic  enzymes 
could  chop  off  pieces  cf  the  protein  molecule,  and  t';us  permit  the 
escape  of  smaller-sized  dialyzable  Coxophoric  pieces.  The  conclusion 
to  be  drawn  from  these  experiments  (4)  is  that  Che  measured  sedimenta¬ 
tion  coefficients  of  toxin  which  has  passed  from  the  intestine  into 
lymph  are  values  for  toxin  unassociated  with  a  carrier  protein. 

In  another  effort  to  settle  the  question  of  the  size  of  Che 
ultimate  toxic  particle,  we  have  determined  Che  sedimentation 
coefficient  of  type  A  botulinal  toxin  in  lymph  and  blood  after 
intravenous  injection  in  rabbits  (7).  Such  exposure  of  toxin  to  the 
in  vivo  excra-allaenCary  environment  for  as  long  as  two  hours  did  not 
reveal  the  occurrence  of  toxic  siaCerials  with  dimensions  smaller  than 
Chat  of  a  protein.  Thus  residence  in  the  body  fluids  did  not 
demonstrably  result  in  any  disassoclation  or  breakdown  of  the  toxin 
to  low  molecular  weight  non-protein  toxic  moieties. 

Alone  among  Che  classical  bacterial  exotoxlns,  bctulinal 
toxin  has  been  considered  to  be  an  oral  poison.  If  botulinal  toxin 
is  truly  unique  in  this  respect,  exploration  of  this  situation  might 
provide  clues  of  a  biochemical  nature  to  Che  biological  properties  of 
the  toxin.  Unfortunately,  oral  coxirtty  is  not  a  characteristic 
unique  CO  botulinal  toxin  (8,  9).  Both  dlphtl.cria  and  tetanus  toxins, 
materials  not  associated  with  clinical  cases  of  food  poisoning,  can 
act  as  oral  poisons  and  at  the  very  most  are  only  one  order  of 
magnitude  leas  toxic  orally  than  botulinal  toxin  fn  tsrmr  nf  Che 
number  of  Incrapericonear  ^1)50  doses  equivalent  to  one  oral  LO50  Uok..- 
(TABLE  4).  This  finding  suggescs  Chat  oral  toxir-lty  of  the  bacterial 
exotoxins  is  not  an  expression  of  intrinsic  qualities  of  chemical 
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structure  of  the  toxins,  but  rather  Is  a  consequence  of  a  physio¬ 
logical  fact.  This  fact  Is  the  inability  of  the  allnentary  tract  of 
the  so-called  nomal  animal  to  prevent  ti;e  escape  of  small  quantities 
of  different  kinds  etf  whole  proteins  into  the  general  circulation  by 
way  of  the  lymphatic  route.  The  alimentary  tract  doen  not  pc.-sent 
an  absolute  barrier  to  th.  systemic  absorption  of  whole  protein,  a 
fact  which  allergists  have  long  recognized  (10).  The  orlae  avenue 
of  escape  Is  the  small  Intestine,  probably  the  jejenun  chiefly. 
Intrarectal  Instillation  of  toxin  In  monkeys  (11)  and  rabbits  ()2) 

Is  slower  than  oral  administration  1..  causing  deaths. 

Potentially,  any  toxic  protein  Is  an  oral  poison  If  Its 
potency  Is  high  enough  for  the  minute  amounts  crossing  the  intestinal 
wall  to  exceed  the  threshold  values  for  physiological  activity  at 
locations  dl  iant  from  the  intestine.  I  emphasize  the  term  minute 
quantity,  since  a  lethal  dose  of  botullnal  toxin  for  the  mouse 
Involves  fantastically  small  weights  of  material,  the  order  of  1  to 
10  thousarckhsof  a  millionth  of  a  gram.  The  fact  of  escape  of  toxic 
protein  through  the  wall  of  the  large  and  small  Intestines  shculd 
not  shock  us  In  spite  of  the  clat.>ical  teaching  of  physiology  that 
the  Intestine  is  a  formidable  barrier  to  passage  of  pro>.eln.  Hogben 
(13)  has  neatly  seated  a  philosophy  relevant  to  the  problem  of  the 
penetration  cf  tissue  barriers  by  large-sized  molecules  such  as 
microbial  toxins:  "Passage  across  cell  smmbranes  mure  be  considered 
In  statistical  terms  of  likelihood  and  unlikelihood.  Given  a 
sufficiently  sensitive  method,  any  substance  can  be  shown  to  cross  a 
boundary".  Even  objects  as  larg>  as non-patbogeaic  bacteria  and 
yeast  can  pass  from  the  Intestine  of  normal  rats  to  lymph  though  the 
numbers  are  extremely  small  (14).  There  Is  a  possible  correlation 
between  the  size  of  a  particle  and  the  number  penetrating  the  gut 
wall  since  fewer  yeasts  escape  than  bacteria,  and  fewer  of  thes. 
large  particles  thzo  toxin.  Is  such  experience  indicative  of  a  simi¬ 
lar  path  and  mechanism  of  escape  irom  the  Intestine  for  these 
qualitatively  different  kinds  of  particles,  namely,  diffusion  from 
the  Intestine  through  "holes"  In  the  Intestine  varying  statistically 
In  diameter  In  a  normally  distributed  mattnert 

With  bacterial  toxins,  fer  exosqile  the  neurotoirlns, 
extremely  small  rates  of  passage  of  proteins  across  tit:,  .s  barrier 
can  hc.ve  pethe logical  consequences.  This  means  tm  cannot  evort  the 
passage  of  toxic  pro  telns  In  the  same  vein  as  the  physiologist,  who. 

In  considering  permeability  of  tissues  to  proteins,  la  generally 
focusing  his  attention  on  orders  of  magnitude  of  penetration 
considerably  beyond  these  of  concern  to  the  bacteriologist, 
lmmu:'.ologlsc  and  pathologist.  Incldc..cally,  the  bacterial  toxins 
can  serve  as  useful  tools  to  monitor  the  specificity  ot  action  of 
substances  changing  the  permeebillty  of  the  Intestine  to  partlr-’lsr 
classes  of  compounds.  For  example,  dlsodium  echyleKcclamlnetctiX'. -- 
tic  acid  (EDIA) Increases  absorption  of  heparin  and  heparinolc'-.  (l.j), 
hiijhly  charged  ardonic  substances,  but  doei.  sc  without  Increasing 
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passage  of  botullnal  t  icln  la  alee  (16)  or  non-pathogenlc  bacteria 
In  raes  (14). 

I  should  now  like  to  turn  ay  attention  to  the  question  of 
the  oral  dose  of  toxin  required  for  poisoning  the  Individual. 

The  opportunity  for  harm  to  befall  the  host,  Is  a  rt'Iet-ive 
■setter  arising  froa  the  Interaction  of  host  factors  and  the  harmful 
agent.  In  botullsa  the  biochemical  substrate  of  the  peripheral 
nervous  systea  of  the  host  affected  by  the  toxin  oiay  be  In  quantity 
Independent  of  the  body  weight  of  the  ’■'Isoned  anlsial.  This  can 
fellow  from  the  fact  that  th*  •'•nsber  of  nerve  cells  In  an  Individual 
Is  fixed  at  birth  and  so  does  not  increase  with  size  and  age  of  the 
Individual.  Zu  nice  lack  of  a  relatlonihlp  between  body  weight  and 
the  quantity  of  tc  'In  required  for  a  fatal  parenteral  dose  has  been 
found  (17).  The  wight  of  toxin  required  for  a  fatal  dose  is  the 
same  for  the  small  and  large  aouse.  This  Is  not  a  finding  peculiar 
to  botullsa.  We  have  found  the  same  fact  to  be  true  for  tetanus 
toxin  (TABLE  S).  Similar  reports  exist  for  Shlaells 
paradysenterlae  endotoxin  in  mice  (1£),  p  -naphthyl-thiourea  in  rats 
(19)  and  hlstaalne  In  mice  (20). 

Of  Interesc  Is  the  fact  that  the  experience  with  a 
parenteral  route  of  Injection  cannot  be  generalized  to  Inci  ide  the 
oral  route.  With  type  A  crystalline  botullnal  toxin  and  tetanus 
toxin  which  we  have  tried,  the  youthful  isouse  required  more  toxin 
than  did  the  older  heavier  isouse  for  a  lethal  dose  (TABLES  6  and  7). 
While  cosmMn  sense  might  dictate  a  skeptical  attitude  toward  such  a 
finding,  a  fact  of  anatomy  may  Justify  the  finding.  In  length  the 
ssMll  Intestine  averages  40  cm  In  the  young  12-14  g  siouse,  and  57 
cm  In  the  old  40-43  g  mouse.  There  Is,  roughly  speaking,  50  per 
cent  sMre  Intestinal  surf  .ce  ares  provided  for  the  systemic 
absorption  of  toxin  In  the  large  then  the  sisall  mouse  under  coisparl- 
son.  Since  the  small  and  large  mouse  require  the  seme  minimum 
parenteral  dose  for  lethality,  the  lesser  oral  dose  for  the  large 
mouse  could  merely  reflect  the  greater  opportunity  :or  systemic 
absorption  before  peristalsis  reswves  Ingested  toxin  from  the  bounds 
of  the  ssMll  Intestine  where  absorption  Is  most  prominent. 

No  evidence  hac  been  developed  for  pinpointing  the  chemical 
iBolecular  basis  for  toxicity  In  botulism,  staphylococcal  fo  /d 
poisoning  and  In  Infectious  dlairt'.eas.  Oral  toxicity  for  botullnal 
and  other  recognised  foed  poisoning  toxins  can  hardly  be  considered 
an  unusual  property  because  dlphth«.-le  and  totonus  toxins,  bacterial 
exotoxlns  not  ordinarily  thought  of  as  oral  poisons,  will  cai)' ; 
toxemia  when  Ingested  In  sufficient  quantity.  Perhaps  In  diphtheria 
this  fact  has  some  role  to  play  In  the  natural  Infection  since  the 
organlssM  growing  In  the  naeo-pharyngeal  .tree  are  producing  toxin 
which  must  In  part  be  Ingested  ns  an  Inevitable  consequence  of  the 
swallowln;  reflex.  In  some  clinical  cases  of  cr/pttc  t'.:tanus  It 
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would  be  wise  to  seek  for  en  unsuspected  source  of  Intescitial 
ebsorptlon  of  toxin. 

Oral  toxicity  of  any  toxin  would  appear  to  be  affected  by 
any  factor  %ihlch  can  Influence  the  length  of  residence  of  active 
toxin  In  the  stsall  lntestx.ie  or  the  peraeablllty  of  any  portion  of 
the  gut  to  whole  protein.  Our  understanding  of  these  fa-tors  Is 
still  at  the  stage  of  developsiepc  of  fundasiental  descriptive  data. 

We  require  detailed  knowledge  of  the  anatomical  and  physiological 
bases  for  toxicity  by  the  oral  route  before  we  can  achieve 
biochemical  understanding  of  tox'.lty  at  the  isolecular  level. 

What  general  conclusions  about  bacterial  exotoxlns  as  oral 
poisons  can  we  draw  which  has  rel.:vance  to  clinical  medical 
experience?  Unless  a  toxic  protein  produced  by  a  bacterial  species 
can  directly  adversely  affect  the  normal  activity  of  the  alimentary 
tract,  food  poisoning  should  not  be  attributed  to  any  unique 
Intrinsic  chemical  properties  which  account  for  oral  toxicity  and 
are  absent  for  other  kinds  of  poisoning  by  bacterial  toxins.  The 
actual  assessment  of  the  capacity  of  a  bacterial  exotoxln  to  act 
as  an  oral  poison  isust  rest  on  an  understanding  of  ecological 
circumstances:  the  relationship  of  food  consumption  to  food  prepara¬ 
tion,  and  envi.-onswntal  factors  influencing  bacterial  production  of 
toxins  In  foods.  These  circianstances  determine  whetLar  or  not  a 
particular  organism  will  occur  in  a  food  and  can  grow  to  produce 
sufficient  toxin  to  survive  food  preparation  procedures  such  as 
cooking  and  to  avoid  total  destruction  In  the  Intestine  so  that 
small  quantities  escaping  the  alimentary  tract  barriers  by  way  of 
the  lymphatic  route  are  above  the  threshold  values  needed  for 
pathological  effects  to  stanlfest  themselves.  In  this  light  It  is 
sanitation,  bacterial  ecology,  and  the  feeding  habits  of  animals,  and 
not  biochemistry  wi.ich  have  the  stronger  light  to  cast  upon  the  cal¬ 
culation  of  the  possibilities  for  the  actual  occurrence  of  clinical 
cases  of  food  poisoning.  This  concept  expands  the  list  of  hatmful 
organisms  tdilch  potentially  can  cause  food  poisoning.  We  can  expect 
on  rare  occasions  the  proper  Interconnection  of  events  which  will 
result  In  cases  of  food  poisoning  by  organisms  not  ordinarily 
believed  to  be  food  poisoning  organisms. 

The  basis  for  oral  toxicity  would  seem  to  rest  on  hl(,h 
potency  of  a  toxin  associated  with  a  lack  of  capacity  of  the  si&mII 
Intestine  to  prevent.  In  an  absolute  sense,  the  systemic  absorption 
of  proteins  In  small  quantities.  My  basic  hypothesis  then,  Is  chat 
oral  poisoning  by  a  bacterial  exotoxin  Is  an  accident  of  Immediate 
circumstance.  The  historical  biological  origin  of  ora'  toxicity 
Is  not  In  an  orderly  evolution  of  proteins  specifically  directed 
toward  Che  acquisition  of  unique  properties  conferring  the 
character  of  oral  toxicity. 
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In  reviewing  i  at  has  been  said,  one  must  be  Imprc^ss-^-.i  with 
the  predominance  of  questions  raised  rather  than  solidly  ;.stablished 
facts  offered.  I  have  adopted  this  mode  of  presentation  consciously. 

We  are  living  in  an  age  <dien  it  has  become  the  habit  of  scientific  . 

institutions  to  sell  themselves  to  the  public.  As  a  result  the 

popular  press  is  bombarding  us  'ith  a  continuous  succession  of 

scientific  triumphs.  This  must  ionetlmes  have  a  discouraging  effect 

upon  the  uninitiated  scientist  and  students.  By  constantly  praising 

ourselves,  the  rising  generation  may  come  to  the  feeling  that  it  has  > 

grown  up  Coo  late  to  participate  in  Che  rual  progress  of  science. 

The  administrator  may  tighten  his  purse  strings  against  Che  true  need 
^01'  research  unless  he  can  be  promised  a  materialization  of  Che 
breakthrougia  he  has  been  reading  about.  And  so  I  chose  my  emphasis 
with  an  eye  Co  satisfying  the  need  Co  reassure  our  neighbors  that 
we  have  not  achie.cd  true  wisdom  in  all  things.  There  rem..lns 
many  a  thing  both  elementary  and  subtile  to  be  learned  even  in  such 
an  old-fashioned  subject  field  as  is  represented  by  the  bacterial 
toxins . 

In  conclusion,  I  hope  I  have  teassured  you  that  if  the  food 
you  eat  poisons  you,  it  is  an  accident  and  not  a  diabolical  plot 
against  you  planned  by  Mother  Nature.  Good  day  and  good  eating  to 
you. 
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Table  #1 

Effect  of  per  oa  injection  of  egg  albunea  &  olive  oil  on  the 
toxicity  of  botulinal  toxin 
CuBiulatlve  Deaths  after  Becelvl-ag  Toxin  per  Os 
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Sham  Albumen  Oil 


12 

24 

J6 

48 

48 

12 

24 

J6 

48 

48 


1 

7 

10 

12 

17 

0 

1 

2 

4 

9 


6 

16 

20 

20 

20 

5 

12 

14 

16 

18 


9 

15 

18 

20 


3 

C 

9 

10 

14 


Toxin 
Dilution 


1:8 


1:16 


Olive 

iHr  Sham  Aluuman  Oil 


12 

24 

36 

48 


2 

6 

7 

9 


48  11 


12 

24 

36 

48 

48 


2 

3 

3 

4 

5 


4 

9 

14 

15 
20 

1 

1 

2 

2 

12 


3 
8 

12 

13 

16 

0 

4 
6 
6 
6 


Total  Deaths . . . . . . .  42 


70 


56 


(  From  3) 
Table  #2 


Effect  of  brandy  (96  proof)  on  the  per  ps  toxicity  of  botullnal  toxin 


in  the  presence  of  food 
(a)  Presence  of  olive  oil* 


Cumulative 

Deaths 

after 

Inaeation 

of  Toxin 

Hr 

1  Undiluted 

! _ ll2 

1 _ liA _ 

*oa« 

Olive 

Olive  Oil 

1  Con* 

Olive 

Olive  Oil 

Con- 

Olive 

Olive 

:rol 

Oil 

&  Brandy 

trol  Oil 

&  Brandy 

trol 

Oil 

Oil  & 
Brandy 

6 

2 

4 

3 

2 

0 

3 

1 

4 

1 

12 

5 

13 

8 

3 

1 

4 

3 

4 

2 

18 

12 

17 

12 

4 

4 

5 

3 

4 

2 

24 

15 

19 

12 

5 

9 

9 

6 

6 

3 

30 

18 

20 

16 

12 

12 

10 

8 

10 

7 

36 

19 

19 

15 

12 

11 

9 

12 

8 

42 

19 

20 

16 

12 

12 

9 

14 

10 

48 

20 

16 

13 

13 

10 

15 

13 

60 

17 

15 

14 

11 

15 

14 

72 

18 

15 

14 

11 

15 

'.3,' 

72 

16 

15 

13 

17 

1 

Total  Dsfcths . . 51  53 _ 52 


(b)  Presence  of  egg  albumen 


Continued  on  next  page 
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TAW.K  #2  Continued 

I  Cumulative  Deaths  at  Hr  Indlct.ted  afi.cr  Toxin  Ingestion 


Dilution  of  Toxin 


Hr 

— 

1:1.5 

1:2 

r~ 

1:4 

Sham  Albumen 

Albumen 
&  Brandy 

Shan 

Albumen 

Albumen  &  Brandy 

Sham  Albuufc:: 

AlLumon 
a  ^cBrandv 

12 

1 

3 

1 

1 

2 

0 

1 

1 

0 

24 

2 

<  6 

6 

2 

2 

2 

1 

2 

2 

36 

2 

12 

8 

5 

2 

2 

3 

3 

48 

4 

14 

10 

3 

5 

3 

2 

4 

4 

60 

5 

15 

10 

3 

7 

4  ! 

2 

4 

4 

72 

5 

15 

10 

4 

7 

4  j 

2 

4 

4 

72 

5 

15 

13 

4 

9 

5  i 

2 

4 

4 

Tota 

1  deaths . 

11 

28 

22 

(From  3) 

Table  #3 

NUMBER  OF  MICE  SUCCUMBING  TO  ORALLY  AZMINISTERED  CRYSTALLINE  TYFE 
A  BOTITLINAL  TOXIN  IN  THE  PRESENCE  AMD  ABSENCE  OP  ORALLY 

_ AIMINISTERED  XRYPSIK  INHIBITOR _ 

Experiment  1  j  1  ?  3|  1  1 


Soybean  trypsin  Inhibitor 


Inhibitor 
present 
per  mouse 
Inhibitor 
absent 

0.2it>g,  11/32* 

12/32 

0.5mg.  3/12  2/12  9/20 

3/12  4/12  11/30 

Lmg23/32  9/32 

25/32  8/32 

;  .5mgl2/32 

13/32 

.  ES 

:8whlto  trypsin  Inhibitor 

Inhibitor 
present 
per  mouse 
Inhibitor 
absent 

0.5mg.3/32 

11/32 

Img.  22/32  10/32  1/32 

21/32  8/32  4/32 

2lBt. 

8/32 

*0ead  mlcd 

l/number  tested. 

(From  9) 

TABLE  #4 

rMBER  OF  INTRAPERITONEAL  LOjq  REQUIRED  FOR  ONE 

l/l 

3 

i 

o 

- xuxiu 

Mouse,  20  gm. 

Botullnal  type  A 

50,000 

to 

250, OoO 

Mouse,  20  gm. 

Tetanus 

80,000 

to 

1,200,000 

Guinea  Pis  900  sm. 

Diphtheria 

100.000 

*Hlth  the  mice  the  toxins  were  atimlnls tars'*  orally  by  the  use  of 
a  slightly  carved  blunt'-nosed  needle  on  a  syxinge.  Diphtheria  toxin 
was  administered  by  forced  feeding  of  gelatin  capsules  containing 
concentrated  toxin.  These  methods  appear  to  successfully  introduce 
toxin  Into  the  gut  vlthcu'.  ccataminstlon  of  the  mouth  and  throat 
and  appear  to  be  well  tolerated  '/Ithout  evidence  of  tissue  trauma. 
Deaths,  thoTcfore,  are  thought  to  be  truly  repressr-.tativh  of 
absorption  of  toxin  fro"  the  normal  gut. 

(From  9) 


14 
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Table  »5 

INTRAPEPITONEAL  LD50  OF  TETANUS  TOXIN  SOLUTION  WITH 


DIFFERENT  WEICi 

IT  MICE* 

Average 

Weight 

LD50 

Small  Mice  Large  Mice  1 

'technician 

Small  mice 

Larjje  'nice 

(gm) 

ihhrisihb 

7.6 

39.3 

A 

1,631,000 

1,350,000 

9 

40 

A  1 

189,000 

244,000 

9.7 

40.1 

A 

364,000 

283,000 

9.4 

39.6 

A 

389,000 

305,000 

11 

•  39 

A 

111,000 

55,000 

B 

81,000 

53,000 

9.4 

37 

A 

257,000 

259,000 

B 

323.000 

212.000 

*  The  cltretion  values  for  the  small  and  large  mice  are  not 
significantly  different,  the  variation  being  within  the  limits  of 
experimental  error.  The  method  of  Vlzzl  (1950),  tihlch  permits'  the 
use  of  the  Reed  and  Muench  type  of  calculatlor.,  was  employed  for 
determining  the  standard  error  of  the  LDgrs. 

(From  9)  “ 


TABLE  #6 

TITRATIONS  3Y  THE  ORAL  ROUTE  OF  CRYSTALLINE  BOTULINAL  TYPE  A  TOXIN 


Toxin 

(ml.) 

Weight  of  mice 
(grams) 

Exper.  3 

Exper.  4 

13-15  38-40  i 12-14  40-43 

13-14  20-22  37-39 

13-14  20-22  34-36 

0.08 

0.04 

0.02 

0.01 

0.005 

0.0025 

0.00125 

19/20*20/20 

2/20  20/20  7/20  16/20 

1/20  9/20  1/20  15/20 

2/20  5/20  3/20  7/20 

1/20  3/20  1/20  3/20 

0/20  2/20 

20/20  17/20 

17/20  13/20  17/20 
2/20  8/20  11/20 
8/20  5/20  8/20 
1/20  3/20  7/20 
2/20 

12/20  15/20 

5/20  9/20  13/20 
1/20  1/20  11/20 
0/20  2/20  10/20 
1/20  1/20  0/20 
0/20 

( 
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TAMT-e  *7 

ORAL  T0XICIT7  OF  TETANUS  TOXIN  FOR  MALE  MICE  OF  DIFFERENT 
_ tFlCHTS _ 


Toxin 

We’^^ht  of  mice 
((rraas) 

(«1.) 

1  Experiment  1 

1  Exoexlmenc  2 

I  Experiment  3 

13-14 

37-39 

13-14 

38-A':‘ 

1  13-14 

34-35 

0,75 

2/12 

10/12 

0.50 

5/12* 

6/12 

2/12 

4/12 

0.25 

2/12 

1/12 

0/12 

3/12 

0.125 

0/12 

1/12 

0/12 

4/12 

0.0625 

0/12 

2/12 

0.03125 

0/12 

*De«d  ffllce/number  Injected.  (From  9) 
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